BACKGROUND/OBJECTIVE: Dietary patterns in Western populations have been linked to type 2 diabetes, but the association of distinctive dietary patterns of Japanese population remains unclear. We prospectively investigated the association between dietary patterns and risk of developing type 2 diabetes among Japanese adults. SUBJECTS/METHODS: Participants were 27 816 men and 36 889 women aged 45-74 years who participated in the second survey of the Japan Public Health Center-based prospective study and had no history of diabetes. Dietary patterns were derived by using principal component analysis of the consumption of 134 food and beverage items ascertained by a food frequency questionnaire. Odds ratios of self-reported physician-diagnosed type 2 diabetes over 5 year were estimated using logistic regression analysis. RESULTS: A total of 1194 new cases (692 men and 502 women) of type 2 diabetes were self-reported. We identified three dietary patterns: prudent, westernized and traditional Japanese patterns. Any dietary pattern was not significantly associated with type 2 diabetes risk after adjustment for covariates in both men and women. The multivariate-adjusted odds ratios (95% confidence interval) for type 2 diabetes for the highest versus lowest quartile of each dietary pattern score in men and women, respectively, were 0.93 (0.74-1.16) and 0.90 (0.69-1.16) for the prudent pattern, 1.15 (0.90-1.46) and 0.81 (0.61-1.08) for the westernized pattern, and 0.97 (0.74-1.27) and 0.87 (0.66-1.15) for the traditional pattern. CONCLUSIONS: Although a small protective effect of the prudent dietary pattern cannot be excluded, dietary patterns may not be appreciably associated with type 2 diabetes risk in Japanese.
INTRODUCTION
Type 2 diabetes has been increasing worldwide. 1 In Japan, in particular, the prevalence of diabetes has increased from 6.9 to 8.9 million between 1997 and 2007. 2 Although obesity, a strong determinant of type 2 diabetes, is much less common among Japanese than among Western populations, 3 the prevalence of type 2 diabetes in Japanese population is not dramatically lower than that in Western population. 4 This has been attributed to a genetic difference between Asian and Caucasian populations, 5 but evidence is limited about the role of environmental factors, especially dietary factors, that could account for the epidemic of type 2 diabetes among Japanese.
Some observational studies have examined type 2 diabetes risk in relation to white rice, 6 soy products, [7] [8] [9] [10] and fish, [11] [12] [13] [14] [15] which are commonly consumed in Japan. White rice has been shown to be associated with an increased risk of type 2 diabetes, 6 whereas soy products 8, 10 and fish [11] [12] [13] 15 have been linked to a decreased risk. As we consume food as part of a diet, the analysis of dietary patterns that integrates consumption of various foods or food groups in a few parameters could give us an additional insight into the role of diet in the pathogenesis of type 2 diabetes.
In some Western studies, a dietary pattern characterized by high intake of fruits and vegetables has been associated with a decreased risk of type 2 diabetes, [16] [17] [18] whereas a dietary pattern characterized by high intake of meat, fatty foods or refined grains has been associated with an increased risk. 16, 17, [19] [20] [21] [22] [23] [24] In Japan, a cross-sectional study reported an inverse association between a dietary pattern characterized by high intake of dairy products, milk, vegetable, fruit and bread and the prevalence of type 2 diabetes among male self-defense officials; 25 however, evidence from prospective studies is lacking. Here, we prospectively investigated the association of major dietary patterns with type 2 diabetes risk, using data from a large-scale population-based cohort study in Japan.
objectives of the study and those who responded to the survey questionnaire were regarded as consenting to participate in the study. A questionnaire survey was conducted at baseline and at the 5-year (second survey) and 10-year (third survey) follow-ups. This study was approved by the Institutional Review Board of the National Cancer Center of Japan.
Among the study population at baseline (n ¼ 140 420), 102 695 responded to the second survey including the diet-related portion. After exclusion of 1065 participants who reported extreme total energy intake, 101 630 participants (47 408 men and 54 222 women) were included for identification of dietary patterns. Of these, we excluded 25 399 participants who did not respond to baseline or third surveys. A further 11 526 participants who reported history of type 2 diabetes or severe disease at baseline or second surveys were excluded, leaving a total of 64 705 participants (27 816 men and 36 889 women) ultimately enrolled.
Dietary patterns
Although participants completed self-administered questionnaires at each survey, we used data from the second survey as baseline, because the questionnaire used for that particular survey contained more comprehensive information on food intake than did the first. At the second survey, a food frequency questionnaire (FFQ) was used to assess the average intake of 147 food and beverage items over the previous year. 27 For most food items, participants were asked consumption frequency and their usual portion size. The validity and reproducibility of the FFQ had already been established as reasonable. [28] [29] [30] Details of identification of dietary pattern have been described elsewhere. 31 In short, we used 134 food and beverage items of the FFQ (excluding 11 items that correlated strongly with others and 2 items with no energy or nutrition). Some foods or food groups similar in nutritional content or culinary use were combined, leaving 48 food groups. We performed principal component analysis based on 48 food group intakes. The factors were rotated by orthogonal transformation (varimax rotation) to maintain uncorrelated factors and greater interpretability. We determined three factors with eigenvalues, the scree test and the interpretability of the factors. The factor scores for each dietary pattern were calculated for each participant by summing intakes of food items weighted by their factor loadings. The score were energy-adjusted using residual method. The validity and reproducibility of the identified dietary patterns were acceptable. 31 Ascertainment of type 2 diabetes Type 2 diabetes newly diagnosed during the 5-year period after the second survey was determined by a self-administered questionnaire at the third survey. At the third survey, study participants were asked if they had ever been diagnosed as diabetes, and if so, when the initial diagnosis had been made. Only participants who were diagnosed after the second survey, baseline of the present analysis, were regarded as incident cases. To assess the validity of self-reported diabetes, we examined a series of medical records of some study participants in three districts of the study areas, finding that 94% of self-reported diabetes cases of diabetes were confirmed by medical records. 32 
Statistical analysis
Participants were divided into quartiles of the factor scores of each dietary pattern based on the distribution for men and women separately. Trend associations between the confounding factors and each dietary pattern were tested using the Mantel-Haenszel w 2 -test for categorical variables and linear regression analysis for continuous variables. Odds ratios and 95% confidence intervals of type 2 diabetes for quartiles of scores for each dietary pattern were estimated using multiple logistic regression analysis. The first model was adjusted for age (year, continuous) and study area (11 areas) , and the second model was further adjusted for smoking habit (lifetime nonsmoker, former smoker or current smoker with a consumption of either o20 or X20 cigarettes/day), total physical activity (metabolic equivalent task hours/day, quartiles), history of hypertension (yes or no), family history of diabetes (yes or no) and total energy intake (kcal/day, continuous). An indicator variable for missing data was created for each covariate. In the final model, body mass index (BMI: o21.0, 21.0-22.9, 23.0-24.9, 25.0-26.9 or X27.0 kg/m 2 ) was added to the second model. Trend association was assessed by assigning ordinal numbers 0-3 to quartile categories of each dietary pattern. We also analyzed the association between the dietary patterns and type 2 diabetes by BMI (o25 or X25 kg/m 2 ), smoking status in men only (nonsmoker or current smoker) and menopausal status in women only (pre-or postmenopausal).
An interaction term by multiplying the dietary patterns (quartile) and the above stratifying variables (dichotomous) was created and added to the model to assess statistical interactions. Two sided P-values o0.05 were regarded as statistically significant. All analyses were performed using Statistical Analysis System (SAS) version 9.1 (SAS Institute, Cary, NC, USA).
RESULTS
We identified three dietary patterns by principal component analysis ( Table 1 ). The first factor was named a prudent pattern because it characterized by high intakes of vegetables, fruit, potatoes, soy products, seaweed, mushrooms, fish and green tea. A dietary pattern associated with high intakes of meat, processed meat, bread, dressing, dairy products, fish, coffee, black tea and sauces was named a westernized pattern. Another dietary pattern, which was characterized by high intakes of fish, pickles, seafood other than fish, miso soup and rice, was named a traditional Japanese pattern. The first to third dietary patterns totally explained 29.2% for men and 28.9% for women of the variability.
In both men and women, participants with a higher score of the prudent pattern were more likely to be older and to report a history of hypertension and were less likely to be a smoker than those with a lower score ( Table 2 ). Participants with a higher score of the westernized pattern were more likely to be younger and to report lower levels of total physical activity and history of hypertension. BMI was positively associated with the westernized pattern in men but inversely associated with the traditional pattern in men and women.
We identified 1194 new cases (692 men and 502 women) of self-reported type 2 diabetes over the 5-year period. Among both men and women, although the risk of type 2 diabetes decreased by 7-10% in the highest quartile of the prudent pattern score compared with the lowest quartile, the trend association was not significant ( Table 3 ). The westernized pattern was marginally and positively associated with type 2 diabetes risk after adjustment for covariates other than BMI in men (P for trend ¼ 0.06). However, the trend association was attenuated after additional adjustment for BMI (P for trend ¼ 0.12). The multivariate-adjusted odds ratio of type 2 diabetes for the third quartile of the westernized pattern score was significantly higher than that for the lowest category in men (odds ratio, 1.26; 95% confidence interval, 1.01-1.57). The traditional Japanese pattern was not associated with type 2 diabetes risk.
In stratified analyses, the prudent pattern was suggestively associated with a decreased risk of type 2 diabetes among nonsmoking men (P for trend ¼ 0.07) and among women with BMI o25 kg/m 2 (P for trend ¼ 0.08), though P for interaction between the dietary pattern and smoking status (0.21) or BMI (0.50 in women) was not statistically significant. The multivariate-adjusted odds ratios (95% confidence interval) of type 2 diabetes for the highest versus the lowest quartile of the prudent pattern score were 0.79 (0.58-1.07) among nonsmoking men and 0.71 (0.47-1.06) among non-obese women. For the westernized pattern, a significant association with an increased risk of type 2 diabetes was observed among nonsmoking men (P for trend ¼ 0.03); the corresponding values for the westernized pattern score were 1.50 (1.08-2.09) (P for interaction ¼ 0.23). For the traditional Japanese pattern, there was no association with type 2 diabetes risk in any subgroup.
DISCUSSION
We identified three dietary patterns; prudent, westernized and traditional Japanese patterns. Although there was a suggestion of a positive trend association between the westernized pattern and type 2 diabetes risk among men, the association was attenuated after adjustment for BMI. In either overall men or overall women, neither the prudent pattern nor the traditional Japanese pattern Dietary patterns and type 2 diabetes A Nanri et al was associated with type 2 diabetes risk. In stratified analyses, however, there was a suggestion of a decreasing risk of type 2 diabetes with the prudent pattern in nonsmoking men and nonobese women. In addition, the westernized pattern was significantly associated with an increased risk of type 2 diabetes risk among nonsmoking men. To our knowledge, this is the first prospective study to examine the association of dietary patterns with type 2 diabetes among Japanese population.
Some Western studies [16] [17] [18] have reported a significantly decreased risk of type 2 diabetes associated with a dietary pattern characterized by high intake of vegetables and fruit. However, we did not find clear association between the prudent pattern characterized by high intake of vegetables, fruit, potatoes, soy products, seaweed, mushrooms, fish and green tea and type 2 diabetes risk in either men or women, though the risk of type 2 diabetes for the highest category of this pattern was 7-10% lower compared with the lowest category. Similarly, several Western studies [19] [20] [21] 23, 24 have observed a statistically nonsignificant decreased risk of type 2 diabetes associated with a similar pattern. A lack of significant association in our and the latter Western studies seems to be consistent with the observation that vegetable and fruit intake, a common feature of this dietary pattern across studies, was not associated with a lower risk of type 2 diabetes in a meta-analysis of six cohort studies 33 as well as in our study population. 34 Studies that reported a significant inverse association [16] [17] [18] did not adjust for important confounding factors including physical activity and family history of diabetes, leaving a possibility of overestimation of the effect of that dietary pattern. Factor loading o±0.15 were not listed for simplicity. b Dietary patterns were derived among participants who completed the food frequency questionnaire at the second survey without extreme total energy intake.
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Alternatively, the inconsistent findings among studies might be ascribed, at least in part, to the difference of foods contributing to this dietary pattern by region and ethnicity, or difference of the effect of a food on type 2 diabetes risk among ethnic groups. 15 The role of the so-called prudent pattern for the type 2 diabetes prevention warrants further investigation. Many Western studies have observed an increased risk of type 2 diabetes associated with a dietary pattern characterized by high intake of meat, processed meat, fatty foods or refined grains. 16, 17, [19] [20] [21] [22] [23] [24] These findings were consistent with the observation that red meat and processed meat was associated with an increased risk of type 2 diabetes. 35 We also detected an increased risk of type 2 diabetes associated with high meat intake among Japanese men, who consume less amount of meat than Westerners (manuscript in preparation). However, we did not find a clear trend association between the westernized pattern characterized by high intakes of meat, processed meat, bread, dressing, dairy products, fish and coffee and type 2 diabetes risk, though odds ratio for the third quartile category of this dietary pattern was significantly increased in men. Similarly, a previous Japanese cross-sectional study reported no association between a similar pattern (characterized by high intake of meat, seafood, processed meat and fish products) and prevalence of type 2 diabetes. 25 The discrepancy between Japanese and Western studies might be partly ascribed to the difference of foods characterizing the dietary pattern. Specifically, not only meat and fatty foods but also fish, which may decrease type 2 diabetes risk, 12 contributed to that dietary pattern in Japanese studies including the present study. Moreover, the westernized pattern in the present study was moderately associated with dairy products 36 and coffee, 37 which have been linked to a decreased risk of type 2 diabetes. The potential adverse effect of meat on risk of type 2 diabetes might be attenuated by consuming these foods that might have a beneficial role in glucose metabolism.
We observed a suggestive protective association between the prudent pattern and type 2 diabetes risk among nonsmoking men and non-obese women and a significant positive association between the westernized pattern and type 2 diabetes among nonsmoking men. As smoking 38 and obesity 3 are important risk factors of type 2 diabetes, they might mask the associations between these dietary pattern and type 2 diabetes, if any. Dietary pattern may have a significant role in the pathogenesis of type 2 diabetes only among those with a lower risk of this disease such as nonsmokers or non-obese individuals.
The traditional Japanese pattern characterized by high intake of fish, pickles, rice and miso soup have also been observed in previous Japanese studies. 25, [39] [40] [41] Moreover, a pattern that could be viewed as a mirror image of the traditional Japanese pattern has been demonstrated in some studies. [42] [43] [44] [45] [46] The no association between this pattern and type 2 diabetes risk in the present study is consistent with a finding from a Japanese study that examined the prevalence of type 2 diabetes in relation to a similar pattern characterized by high intake of soy products, seaweed, pickles, vegetables and fish. 25 In contrast, in another Japanese crosssectional study, 44 a westernized breakfast pattern (characterized by infrequent consumption of rice and miso soup and frequent consumption of bread, margarine and coffee), which appears to be a mirror image of the traditional Japanese pattern, was associated with lower level of glycated hemoglobin. The discrepancy among these Japanese studies might be explained Dietary patterns and type 2 diabetes A Nanri et al by the following reasons. In the present study, fish was strongly associated with this dietary pattern, whereas rice was not. In a previous study, 44 however, rice was strongly and inversely associated with this pattern, whereas fish was not. As fish is potentially protective against type 2 diabetes, 12 whereas rice can increase its risk, 47 the difference in the contribution of these foods to the traditional dietary pattern could influence dietary patterntype 2 diabetes association. Alternatively, the discrepancy among studies might be owing to the difference of outcome measure; glycated hemoglobin but not type 2 diabetes was used in a previous study. 44 Strengths of the present study include our large sample size, the population-based prospective design, the use of a validated FFQ and extensive adjustment of potentially important confounding factors, including obesity, smoking habit, family history of diabetes, physical activity and total energy intake. However, several limitations to the present study warrant mention. First, the diagnosis of type 2 diabetes was ascertained by self-report. Although case ascertainment based on self-reporting might underestimate the incidence of type 2 diabetes, this misclassification would occur virtually independent of dietary patterns and thus might not cause serious bias in our estimate. Second, dietary intakes were measured at only one time point, and thus may not reflect long-term intake levels. Third, results of subgroup analyses may be owing to chance and thus should be interpreted with caution. Fourth, our study sample size may not be sufficiently large to detect a modest association, if any, with statistical significance, leaving a possibility of small protective effect of prudent dietary pattern. Our data will contribute to meta-analysis on this issue. Finally, principal component analysis requires subjective decisions in determining the number of factor to retain, in choosing the method of rotation of the initial factors, and in labeling the dietary patterns. 48, 49 However, we confirmed that the validity and reproducibility of the three dietary patterns derived from subsample were reasonable. 31 In conclusion, any dietary pattern was not significantly associated with type 2 diabetes risk in either overall men or overall women. This finding suggests that dietary pattern might not be a strong Adjusted for age (year), study area (11 areas), smoking status (never, past, current with a consumption of o20 or X20 cigarettes/day), family history of diabetes mellitus (yes or no), total physical activity (quartile of MET-h/day), history of hypertension (yes or no) and total energy intake (kcal/day). 
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A Nanri et al determinant of type 2 diabetes risk among Japanese, although a small protective effect of the prudent pattern cannot be excluded, especially in a subgroup of nonsmoking men or non-obese women. Given changes of dietary pattern because of the new trend of food marketing and other social factors influencing food intake, further investigation of overall dietary pattern is required for the prevention of type 2 diabetes.
